prior to the recognition of the wide occurrence and possible significance of the Elovich equation.
In conclusion, it seems reasonable to presume that the conformity of photogenerated free radical decay in chromatophores to the Elovich equation is probably a manifestation of electron conduction governed by the laws of solid-state and surface physics.
Summary.-The Elovich equation describes well the data of Ruby, Kuntz, and Calvin on decay of photogenerated free radicals in chromatophores of R. rubrum. This constitutes kinetic evidence for the participation of solid-state and surface physical processes in photosynthesis.
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Valine-C'4 incorporation was studied according to procedures described previously.'2 Studies of in vitro protein synthesis by a cell-free system derived from liver: The system described by Hoagland and Askonas" was used to study the incorporation of leucine-C'4 in microsomes incubated in the presence of a pH 5 fraction. In all experiments 19 CI2-amino acids were present in a concentration of 10-5 M, in addition to the C14-leucine or CL4-phenylalanine being studied.
Materials: The deoxyribonuclease, 1 X recrystallized, was obtained from Worthington Biochemicals. Orotic acid-6-C4, 6 .5 mc/mmole; Lvaline-C4, 117 mc/mmole; L-phenylalanine, 165 mc/mmole; and L-leucine-C14, 246 mc/mmole, were purchased from New England Nuclear Corporation. Actinomycin D was a gift from Merck, Sharp and Dohme.
Results.-Effect of actinomycin D on RNA synthesis: Levels of actinomycin which interfere markedly with rat liver RNA synthesis are lethal, and the interval between administration of the antibiotic and death is dose-dependent (Table 1) .
In order to carry out studies after at least 18 hr of diminished liver RNA synthesis, a dose of actinomycin D of 1.5 mg/kg of body weight was selected for these experiments. Inhibition of orotic acid-C'4 incorporation into RNA occurred within 2 hr of injection and was far greater in the microsomal fraction than in the nuclear or the 100,000 X g supernatant fraction (Table 1 ). Higher levels of the antibiotic further reduced orotic acid-C14 incorporation into all fractions, but produced additional effects which will be described elsewhere.15 A decrease in RNA concentration of nuclei but not of cytoplasm was observed after actinomycin injection ( Table 2) .
The species of RNA labeled in the presence of the antibiotic were examined by cursor was gieA hr following atnmcn and the RNA was examined 13 hr later. In cytoplasm from normal rats 30 min after administration of orotic acid-C'4 ( Fig. 1A) , the 18 S RNA had a higher specific activity than the 28 S,12 but most of the radioactivity appeared in the 4 S area. Isotope in cytoplasmic RNA from treated animals was reduced to approximately 20 per cent of that in the control and was found largely in the 4 S component (Fig. 1B) . Labeled nuclear RNA from control rats was heterogeneous ( Fig. 2A) , with most of the isotope in the 20-40 S area and very little in the 4 S region. Nuclear RNA from rats injected with actinomycin contained only 40 per cent of the radioactivity observed in the control material; no peak of isotope was evident in the 30-40 S area (Fig. 2B) .
When orotic acid-C14 was injected 13 hr before the rats were killed, the isotope distribution in the control cytoplasmic RNA (Fig. 3A ) was virtually identical with the pattern of optical density. Thus, the control animals presumably synthesized both ribosomal and transfer RNA. In sharp contrast, after actinomycin D treatment the cytoplasmic high-molecular-weight RNA contained almost no radioactivity (Fig. 3B) (Fig. 4B) . Stability of messenger RNA in liver cytoplasm: (1) Stimulatory activity of purified RNA from actinomycin-treated rats: We have previously reportedl2 that both nuclear and cytoplasmic RNA fractions from rat liver stimulate amino acid incorporation in a protein-synthesizing system derived from E. coli,"1 and that the concentration of stimulatory activity in nuclear RNA is 10-fold higher. Further, we have observed that much of the stimulatory activity in cytoplasmic RNA sediments in the 18 S region."2 Since actinomycin D led to almost complete inhibition of labeling of this RNA fraction, parallel measurements of stimulatory activity were undertaken in order to obtain information concerning the stability of liver messenger RNA. Microsomal RNA from rats injected 17 hr earlier with actinomycin D showed no decrease in stimulatory activity as compared with the control (Fig. 5) . If stimulatory activity does, in fact, reflect the level of messenger RNA, then these data indicate that no decrease occurred in this fraction of RNA for at least 17 hr after actinomycin D, although during this period little cytoplasmic RNA was labeled other than transfer RNA.
(2) Amino acid incorporation in liver in vivo: The apparent stability of cytoplasmic messenger RNA suggested that liver protein synthesis would be unaffected by actinomycin D. This prediction was realized in experiments in which isotope incorporation was measured in liver subcellular fractions following leucine-C"4 administration to normal and actinomycin-treated rats ( -Sucrose density gradient analysis of liver nuclear RNA from normal and actinomycin-treated rats killed 13 hr after orotic acid-C14. RNA was from the nuclei of the liver preparations from which the cytoplasmic RNA described in Fig. 3 was obtained. The large amount of ultraviolet-absorbing material close to the top of the gradient has been shown to be oligodeoxynucleotides.'0 In the material pictured in Fig. 2 colz extract by liver nuclear RNA from normal incorporation in an E. coli extract by and actinomycin-treated rats. Nuclear RNA was liver microsomal RNA from normal assayed in a system increased to a final volume and actinomycin-treated rats. Micro-of 1.0 ml (2.4 mg bacterial protein) in order to measure somal RNA was assayed in the 0.25-maximal activity of large amounts of RNA. However, ml system containing 0.9 mg bacterial the markedly increased stimulatory capacity of nuclear protein described previously.12 100 RNA as compared to cytoplasmic RNA has also been cpm represents 2 incubated with a pH 5 fraction from control rat liver and leucine-C'4, no effect on incorporation was detected (Table 4) . Thus, the microsomal fraction remained fully active for at least 17 hr after administration of actinomycin D. (Parallel experiments revealed no effect on the pH 5 fraction.) Effects of actinomycin D on messenger RNA in liver nuclei: As noted above, the inhibitory effect of actinomycin on isotope incorporation in RNA was more pronounced in cytoplasm than in nuclei. However, in contrast to the stability of the cytoplasmic material, stimulatory activity was decreased by 50 per cent in liver nuclear RNA from rats treated 17 hr earlier with actinomycin D, 1.5 mg/kg (Fig.  6 ). This reduction approximated the extent of inhibition of labeling of nuclear RNA. Nuclear RNA preparations from control and treated animals were additive when introduced into the same system, thus demonstrating that the diminished stimulatory activity in material from treated animals was not attributable to the presence of an inhibitor. Despite the reduction of in vitro stimulatory activity of purified nuclear RNA, amino acid incorporation in vivo into TCA-precipitable material was not reduced in liver nuclei of treated animals (Table 3) .
Discussion.-Actinomycin D is known to inhibit DNA-dependent RNA synthesis in both mammalian'6-'8 and bacterial'9 systems. Measurements of the half-life of messenger RNA have been made by determining the interval between the cessation of RNA synthesis caused by the antibiotic and a decrease in the rate of protein synthesis. 6' 17, 20 The observation that labeling of liver cytoplasmic high-molecularweight RNA, including a fraction shown to stimulate amino acid incorporation in vitro,'2 was almost completely stopped after actinomycin administration permitted an inquiry into the longevity of liver messenger RNA. Considerable stability of at least most of this fraction was suggested by three series of experiments. First, purified liver cytoplasmic RNA from control and treated rats produced equal stimulatory effects in an in vitro protein-synthesizing system derived from E. coli."
Further, amino acid incorporation into liver protein in vivo was unaffected for as long as 40 hr following injection of the antibiotic. Finally, microsomal fractions from treated rats showed no impairment in in vitro amino acid incorporation studies. Guidice and Novelli7 have observed that actinomycin leads to no effect, or only a slight one, on amino acid incorporation into regenerating liver. These workers have shown that the antibiotic does, however, interfere with the appearance of a new enzyme in regenerating liver. Inhibition of synthesis of an induced enzyme by actinomycin has also been shown by Greengard and generation time of 100 min. In marked contrast, messenger RNA in the reticulocyte appears to be stable throughout the entire protein-synthesizing period of the cell.26 27 Indeed, evidence is accumulating which indicates variations in the stability of different messengers within the same cell.7 28-30 A principal objective of the present work had been to measure the turnover of messenger RNA in rat liver cytoplasm. As noted earlier, the generation time of the average hepatocyte3l from rats of the size used in our experiments has been estimated to be about one year.' On the other hand, RNA is renewed about 15 times more rapidly than DNA,32 or approximately once in 25 days. Our experiments indicate that the bulk of the cytoplasmic messenger fraction is stable for at least 40 hr.33 Although these data do not permit precise comparison, they do indicate that the rate of turnover of most rat liver cytoplasmic messenger is not appreciably more rapid than that of ribosomal RNA.
Summary.-Levels of actinomycin D which inhibit labeling of rat liver RNA have no effect on cytoplasmic amino acid incorporation in vivo or in vitro, or on the stimulatory activity of purified microsomal RNA in an in vitro amino acid incorporating system. 33 More exact estimates of turnover cannot be made in vivo with our present technique. The level of actinomycin D used by us not only inhibits cytoplasmic RNA labeling in rat liver, but also is lethal to the animal. It is apparent that in whole animal experiments measurements of turnover of messenger RNA are possible only in those tissues in which some decay of this fraction occurs before the antibiotic is fatal. An optical method has recently been developed for examining the composition of base-paired regions in DNA and RNA.' The method depends upon the measurement of the optical absorbance of the sample, at many wavelengths in the ultraviolet region, as it undergoes thermal denaturation. From the observed dependence of absorbance upon wavelength and temperature, together with some assumptions which will be reviewed below, it is possible to deduce the fraction of A-T or A-U pairs2 and of G-C pairs denatured as a function of temperature. This provides information about the base composition of independently denaturing regions in the polynucleotide.
USE
This optical method has already been applied to a sample of yeast sRNA heterogeneous with regard to amino acid acceptor activity;' the analysis of this material revealed that the longest ordered regions present had a very high G-C content, but it was not possible to determine whether the properties observed arose from intermolecular heterogeneity, or from the heterogeneity of independently denaturing regions within each molecule. In this paper the results of application of the optical denaturation analysis to a purified serine acceptor sRNA from baker's yeast are described. With very few assumptions, the analysis reveals the presence of independently denaturing regions containing about half of all the G-C pairs in the molecule and at most one A-U pair. Information about the base composition of other regions is also obtained.
A tentative base sequence model has recently been proposed3 for purified serine sRNA from baker's yeast. This model represents an attempt to combine the results of the analysis of oligonucleotide sequence frequencies, obtained by specific enzymatic digestion of sRNA, with other data derived from physical and enzymatic studies of the secondary structure of sRNA. The principal features of this model (Fig. 1) 
